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Since human astroviruses (HAstVs) were described in 1975 (Appleton & Higgins 1975) , the medical importance of these viruses has been established and they have been shown to be the second most common cause of viral diarrhoea in young children (Herrmann et al. 1991 , Cruz et al. 1992 , Akihara et al. 2005 . In Brazil, recent studies have described astrovirus detection rates as varying from 3.4-28.2% (Gabbay et al. 2007 , Resque et al. 2007 , Santos et al. 2007 , Victoria et al. 2007 .
HAstVs have been classified into eight serotypes/genotypes (Matsui et al. 1998 , Sakamoto et al. 2000 . Previous studies have shown that HAstV-1 is the predominant type (Sakamoto et al. 2000 , Mendez-Toss et al. 2004 ); however, simultaneous circulations of different astrovirus types in the same geographical area have been observed (Espul et al. 2004 , Mendez-Toss et al. 2004 ).
In Brazil, there are few reports on the circulation of human astrovirus genotypes. They were done with surveillance data from cities such as Rio de Janeiro, São Paulo, Belém and Goiânia (Silva et al. 2001 , Cardoso et al. 2002 , Gabbay et al. 2007 , Resque et al. 2007 , Victoria et al. 2007 ). Information about human astrovirus genotype circulation is important for the future development of prevention and control of astroviral infection. In this study, we describe the occurrence of astrovirus genotypes isolated from children with and without acute gastroenteritis carried out in three cities of the Central West Region of Brazil, including previously published data (Cardoso et al. 2002 , Silva et al. 2006 .
The subject of this study is the 57 astrovirus positive samples detected by reverse transcription-polymerase chain reaction (RT-PCR) (Cardoso et al. 2002 ) from 1,588 faecal samples (1,374 diarrheic and 214 non-diarrheic) collected from children under five years old that had been admitted to public hospitals from three locations of the Central West Region of Brazil because of diarrhoea [Brasília (DF) (n = 501), Goiânia, Goiás (n = 743) and Campo Grande, Mato Grosso do Sul (n = 344)]. Among the 57 positive samples, only one was from nondiarrheic samples. A sample was considered diarrheic if the faecal sample was collected from a child with acute diarrhoea, which was defined as three or more liquid or semi-liquid evacuations per day.
Faecal samples from DF were collected during two different periods of time, corresponding to 1994-1996 and 2000-2002. In the later period, the faecal samples were mostly (297/343) obtained by rectal swabs. In Goiânia, samples were collected between 1998-2002. In Campo Grande, samples were collected between 2000-2003. For 44 positive samples, genotyping of astroviruses was done by nested RT-PCR using primers that amplified the 3' end region of ORF 2 (Sakamoto et al. 2000) . For determination of astrovirus genotypes by genomic sequencing, phylogenetic analysis over a 348 bp region of the 5' end ORF 2 was performed on 27 positive samples. The procedures are described in Silva et al. 2006 . Fourteen samples were genotyped by both methodologies.
The nucleotide sequences for some of the samples detected in this study have been submitted to GenBank under the accession numbers DQ139825-DQ139832, DQ070852 and DQ028633.
This study was approved and conducted as recommended by the Ethical Committee on Human and Animal Research of the Federal University of Goiás (004/2000) .
The genotyping of astroviruses performed by nested RT-PCR and/or genomic sequencing showed that all known viral genotypes (HAstV-1-HAstV-8) were detected in the Central West Region of Brazil. Samples genotyped by both methodologies (n = 14) are in agreement. Five samples (2 from DF, 2 from Goiânia and 1 from Campo Grande) that were submitted only to nested RT-PCR genotyping were untypeable, corresponding to 11.4% of the analysed samples. The genomic sequencing method successfully identified a viral genotype for all of the astrovirus-positive samples examined.
HAstVs -1, -2, -3 and -4 were detected in 42.8%, 23.2%, 3.6% and 14.3% of diarrheic faecal samples, respectively, while the HAstVs -5, -6, -7 and -8 were each detected in 1.8% of diarrheic faecal samples. Considering the cities where the samples were obtained, it was observed that in DF the most frequent genotype was HAstV-2. In Goiânia and Campo Grande the HAstV-1 was predominant. The only non-diarrheic positive faecal sample was collected in DF in 2001 and it was characterised as HAstV-2.
In DF, the HAstV-4 was the most frequent genotype in 1994 and 1995, while in 1996 the HAstV-2 was detected in 71.4% of the samples. This difference between predominant genotype and years of collection showed no statistical significance. Astroviruses were not detected in faecal samples from DF between 2000-2002. In Goiânia, HAstV-1 was the predominant genotype throughout all years of the study, except in 1999, when only two positive samples were detected, one was classified as HAstV-1 and the other as HAstV-8. In Campo Grande, HAstV-2 was predominant in 2000 and 2002, while HAstV-1 was the only one genotype detected in 2003 (Figure) .
The different astrovirus genotypes were detected in children from all age groups up to five years old; however, the majority (41/57) were detected among young children -up to 24 months old. A correlation between genotype and age group was not observed (p > 0.1).
This study reports an overview of the distribution of astrovirus genotypes in three cities of the Central West Region of Brazil. It is the first time that all of the available astrovirus data obtained from this region between 1994-2003 are analysed together, allowing increased knowledge about the characteristics of the circulation of astrovirus genotypes.
Our data show that HAstV-1 is the most frequent genotype in the region. This finding corroborates the data of other authors from several regions of the world, including Brazil (Oh & Schreier 2001 , Cardoso et al. 2002 , Gabbay et al. 2005 , Resque et al. 2007 ). However, other genotypes considered less common (HAstV-2-HAstV-5) or rare (HAstV-6-HAstV-8) were also detected. The circulation of different genotypes in the same region is not uncommon and has also been reported in countries such as Germany, Spain, Argentina, Mexico and Egypt (Naficy et al. 2000 , Oh & Schreier 2001 , Guix et al. 2002 , Espul et al. 2004 , Mendez-Toss et al. 2004 . Recently, three studies carried out in large cities of Brazil showed the occurrence of at least four different genotypes in each region studied (Gabbay et al. 2007 , Resque et al. 2007 , Victoria et al. 2007 ). In the present study, the occurrences of at least five astrovirus genotypes were observed in DF and Goiânia, while only two genotypes were detected in Campo Grande. This data could be explained by the fact that these cities have higher immigration and tourism rates, facilitating the introduction of different astrovirus genotypes in the population. Besides the effect of migratory movements, we must also consider that the samples were collected in different intervals of time in each of the three locations and that this fact may have influenced the genotypic diversity of astroviruses among the cities. Considering the positive rates of astrovirus detection, which were 4.8%, 2.8% and 3.2% in DF, Goiânia and Campo Grande, respectively (data not shown), no relation was found between astrovirus frequency and genotype diversity. This finding was also reported in Hungary, where a low prevalence rate (1.6%) of astroviruses was found with a relatively high genotypic diversity (Jakab et al. 2004) . In contrast, another study reported the circulation of only one genotype in a population with a higher prevalence (9%) of this astrovirus (Liu et al. 2004) .
In Goiânia and Campo Grande, the most frequent genotype was HAstV-1, while HAstV-2 was the most frequent in DF. This variation in genotype predominance from one location to another could suggest the occurrence of a regional predominance of astrovirus genotypes. This fact was also reported in other studies (Schnagl et al. 2002 , Mendez-Toss et al. 2004 .
The only one non-diarrheic positive faecal sample, from DF, was collected in a period when no positive diarrheic samples were detected, making comparisons between genotypes even more difficult. Comparisons with other periods of time demonstrated that the nondiarrheic positive faecal sample had the same genotype that was predominant in diarrheic faecal samples in DF -HAstV-2. In a study from Mexico, the same astrovirus genotypes were also detected from diarrheic and non-diarrheic children (Mendez-Toss et al. 2004 ). This finding suggests that there is no association between the infecting astrovirus genotypes and the presence or absence of diarrheic symptoms. Further studies with larger numbers of non-diarrheic and diarrheic faecal samples collected in the same period of time will certainly help to clarify this question.
Analysis of data obtained from positive samples from DF and Campo Grande in different years showed shifts in the circulation of astrovirus genotypes from HAstV-4-HAstV-2 and from HAstV-2-HAstV-1. This type of event has been observed in some studies with other viruses, including the gastrointestinal ones. Some authors have suggested that these shifts in viral genotypes could reflect a natural selection due to a lack of heterotypic immunity among the different viral antigenic types (McIver et al. 2000 , Sakamoto et al. 2000 , Guix et al. 2002 , Sanchez-Fauquier et al. 2004 , Maunula & Von Bonsdorff 2005 .
Clinical manifestations of astrovirus infection have been associated with vomiting, fever and abdominal pain (Walter & Mitchell 2003) . In this report, the analysis linking these symptoms and astrovirus genotypes was possible only for samples from Goiânia (Santos et al. 2007 ) and correlation was not observed (data not shown).
Of 44 positive samples that were submitted to nested RT-PCR genotyping, five were untypeable because the DNA fragment sizes were inconclusive. This problem has been reported in another study, which suggests that the failure of nested RT-PCR typing is not related to nucleotide sequence variation, but probably to mismatches, inhibitors or low RNA yield (Walter et al. 2001) .
Enteric viruses have usually been detected directly from faecal samples in natura, but other collecting methods, such as rectal swabs, have also been used (KhanMohammed et al. 2005) . In this survey, we considered that the absence of positive astrovirus samples collected from DF between 2000-2002 could be attributed to the method of sample collection utilised. Most samples collected in this period were obtained from rectal swabs, which could inhibit viral detection due to the low RNA yield. This fact was also observed for caliciviruses (Borges et al. 2006 ). This finding shows the importance of the collecting method choice for the viral detection.
In this study there was no correlation between age group and astrovirus genotype, although previous data in Spain indicated a predominance of HAstV-1 and HAstV-3 in children under two years of age and HAStV-4 and HAStV-8 in children older than three (Guix et al. 2002) .
In conclusion, the results of this research support the data that report the role of astroviruses as important agents of diarrhoea in children. However, they also provide the first data about the circulation of astroviral genotypes in three locations of the Central West Region of Brazil. This information is relevant to the implementation of future preventive strategies against HAstV infection.
